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BULGARIA 


BULGARIAN MOS CONSTANT MEMORY INTEGRATED CIRCUITS DESCRIBED 


Sofia ELEKTROPROMISHLENOST I PRIBOROSTROENE in Bulgarian No 5, 1979 pp 181- 
184 


[Article by Engrs Darina D. Vuteva and Mira R. Drakova: "Bulgarian MOS 
Constant Memory Integrated Circuits" |] 


[Text] With the spread of microprocessor systems, there has been greater 
interest shown in the MOS constant memory integrated circuits (ROM). Their 
performance has been improved with an increase in the capacity of these 
memories (8K, 16K, 32K, 64K), and the greater speed of their action (200- 
500 ns). A trend can also be observed toward a standardizing of the parame- 
ters of the circuits and the outputs of the frame and this has led to great 
flexibility in replacing the circuits with the same or enlarged capacity, 
regardless of the producing firm. 


The MOS constant memory integrated circuits are an important element in many 
modern digital devices such as code converters, sign generators, in micro- 
prorram control of microprocessor systems, and so forth. 


The purpose of the article is to provide a general picture of the MOS ROM 
and the memories of this type produced in Bulgaria. 


In the most general sense, a ROM is a memory with a constant or semiconstant 
recording of the information required by the consumer, and this information 
is kept after the shutting off of the supply voltage. The simplest and long- 
known design of the ROM is a diode matrix. In the MOS ROM this has been re- 
placed by a transistor matrix. In terms of the method of recording in the 
fiela of the matrix, the constant memories are divided into several types: 


1) Mask-programmed with the recording carried out during the production 
process by changing one photomask; 


2) EPROM with multiple electric programming and erasing with ultraviolet 
radiation for all the bits simultaneously; 








3) EEROM with electric programming and electric erasing simultaneously for 
all the bits; 





4) EAROM with electric programming and electric erasing simultaneously for 
the bits or rows. This type comes close to the internal memory integrated 
circuits, but the recording time is much longer. 


We produce the mask-programmed constant memories, and are also developing 
memories of the EPROM type. 


Figure 1 shows a portion of the matricés of a mask-programmed ROM (Figure la) 
and a EPROM (Figure lb). The dotted line marks one memory cell. The record- 
ing in the EPROM with a FAMOS memory cell (Figure 1b/ is carried out by the 
injection of electrons into the transistor with a floating gate T, as a re- 
sult of the avalanche breakdown of its drain junction. The charge which is 
stored on the floating gate keeps the transistor always open. The pair of 
transistors T, and Ty is controlled in the reading mode by transistor T, 

and the information on the output depends upon the number of charges on the 
floating gate. 


Figure 2 shows a block diagram 
of a ROM. At any moment the 
address buffers activate only 
one output of the X and Y de- 
coders which select one cell of 
the memory matrix. Depending 
upon whether a transistor for 

& mask-programmed ROM has been 
realized in the selected ceil, 
on the output two discrete 
states are obtained, a logical 

l or a logical 0. The CS signal 
serves for selecting the circuit 





















































m= in organizing several ROM cir- 
; ithe cuits in memories with a larger 
| capacity. 
Op Figure 3 shows several frequently 
used stages in the ROM. The 














ever greater demands on the MOS 
integrated circuits have led to 
new circuitry solutions for the 
various stages of the constant 
memories. One or another stage 
is chosen according to speed, 














dissipated power, compatibility ‘ 
Fig. 2 with the TTL or MOS integrated 
circuits and the crystal area. 
Key: a--Address buffers; b--X decoder; Figure 3a shows two input stages, 


c--Output buffers; d--Y decoder. and Figure 3b two methods of 








realizing decoder circuits with NOR circuits (Figure 3b-1) and with NAND 
circuits combined with NOR (Fig. 3b-2). Figure 3c shows the most frequently 
encountered output buffers with an open drain output (Figure 3c-1) and with 
a three-state output (Figure 3<-2). For the open drain output it is essen- 
tial to connect power resistors to the frame outputs. 
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Fig. 3 


Key: a--To matrix, b--From matrix. 


For manufacturing the MOS ROM, technologies are used with a metal and 
silica gate, p- and n-channels. Figure 4 shows the topology for a portion 
of a matrix (16 bits) for technology involving a metal gate (Figure 4e) and 
for technology with a silica gate (Figure 4b, c). In the three instances 
the recording is the same. For technology with a metal gate, this is car- 
ried out with a thin oxide mask. In the technology with a silica gate, two 

| methods of recording the information in the matrix field are possible: 

With a contact hole mask (Figure 4b) or a mask forming diffusion areas 








(Figure 4c). In spite of the fact that in the second variation the area 
of the matrix is about 40 percent smaller, many producers prefer the first 
variation as the time for executing the recording order is shortened. 


The production method is determined 
by considerations of pricc, relia- 
bility, speed, existing production 
facilities, and so forth. 


The corresponding technology is 
shown in Table 1 for each type of 
ROM which has been developed in 
Bulgaria. For ROM with a capacity 
of 2k, 4k and 6k for devices with 

Fig. & a slower speed, p-channel technology 

has been used with a metal gate and 

diffusion microreristors (R). For the ROM with a capacity of 8k, and used 
for a microprocessor system, n-channel technology has been used with a silica 
gate and this provides a faster speed. The use of the p-channel technology 
with a silica gate for the EPROM CM-7720 is determined by the principle of 
operation of this memory. 





Table 1 has systematized the basic parameters for the ROM circuits which 
have been developed in Bulgaria. Six mask-programmed ROM circuits have 
been included and these are produced at the Semiconductor Instrument Plant 
and The Microelectronics Institute as well as one EPROM CM-7720 circuit 
which is being developed. 


In order to standardize the symbols with the p- and n-channel circuits, the 
following designations have been used Vzq (Voy) for high input (high output) 
levels, Vr; (Voz) for low input (low output) levels related to their alge- 
braic values. 


The voltage Vo, is the most positive potential of the circuits. Two power 
voltages in the p-channel circuits are needed for TTL compatibility. With 
compatibility with the p-channel MOS circuits they can operate with the 
voltages Vaq = -1L4V and Voc = Veg = OV. 


The access time is defined as the time needed to change the state of the 
output after the changine of the address signal (Figure 5). 


4 ee For all the ROM circuits with one CS input, the cir- 
--——— cuit is selected with Vcs = Vz,. With more than one 
CS input, the combination for choosing the circuit is 


- \ oo set by the consumer along with recording. When the 
it ciscuit is not chosen, that is, Vog = Vry, the outputs 
Yo > @ are isolated and it is possible to connect them 
re oo ; directly in organizing larger-capacity memories. 
“Ga An exception must be made for CM-7701 and CM-7702 
which can be used only independently. An additional 
Fig. 5 external logic is required for uniting their outputs. 
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Table 2 
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Table 2 gives the frame outputs for all the ROM circuits in Table 1. For 
all the circuits, 24-output plastic, ceramic or glass-metal frames have been 
used depending upon the purpose of the circuit. 


For some of the memories produced in Bulgaria, the recording can be re- 
placed automatically and this accelerates the process of manufacturing the 
memory upon order. The consumers must consider the requirements of the 
individual ROM circuits in setting the information for recording. 


The requirement for the method of setting the information is that it meet 
the logical MOS levels. For the n-channel circuits, the levels correspond 
to the a | logical levels, but they are the reverse for the p-channel 
circuits. 





lCM-7720 has been programmed for a standard programmer, where the informa- 
tion is set by the TTL logical levels. 





Example: 


Address Data Levels 
0011091] 11001001 TTL 

00110011 11001001 n-MOS 
11001100 00110110 p-MOS 


The CM-7700 circuit represents a sign generator with ready-made recordings: 
the CM-7701 with a Roman alphabet, digits and signs, and the CM-7702 with 
cyrillic. 


Punch cards are the information carrier for the CM-7600, the CM-7400, CM-7200 
and CM-7300. The data for the given address are divided into tetrads. Each 
tetrad contains four bits of the outgoing information. On the punch cards 
only the data for recording (without the addresses) are filled out separately 
for each tetrad and consecutively for each address. Cards for one tetrad 

are filled out for the CM-7600 and AM-7200 (1024 x4), cards for two tetrads 
for the CM-7400 and CM-7200 (512x8), and cards for three tetrads for the 
CM-7300. Each column of the punch card contains the information of four 
bits for the given address in a hexadecimal code which uses the symbols: 

0, l, 2, 3» 4, 5» 6, T> 6, 9, S, T> U, V, W, X. 


It is essential to indicate which punch cards are for the junior bits and 
which are for the senior ones. 


Information for the CM-7800 and CM-7720 is given on punch tape with the fol- 
lowing format: 


[ #AAY XXe XMM... .C/RL/PU XX XXY, . KX), 
where the symbols designate 


[--start of information; 
#--a symbol preceding each address; 
w--a blank space which is always left in front of the data; 
XX--specific data for a certain address; 
AA--initial address; 
C/R and L/F--in changing the row; 
]--end of information. 


The addresses and data are recorded in a hexadecimal code, in using the 
following symbols: 


0, l, 2, 3» 4, 5, 6, Ts 8, 9, A, 8, C, D, E. P. 
In the subsequent filling out of each aciress, only the initial address need 


be given. If there is no such regularity in the recording, it is essential 
to write out the addresses which are always preceded by the symbol #. 
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BULGARIA 


BULGARIAN SEMICONDUCTOR MEMORY DEVICE CM 8201 DESCRIBED 


Sofia ELEKTROMPROMISHLENOST I PRIBOROSTROENE in Bulgarian No 5, 1979 
pp 204-205 


[Article by Engr Antoaneta %. Andreeva, and candidate of technical sciences 
Engr Petur A. Dimitrov: ".he CM 8201 Electrically Reprogrammable Semi- 
conductor Memory" ] 


[Text] The designers of memories and digital systems are presently con- 

fronted with a crucial problem related to the development and use of re- . 
programmable semiconductor memories [SM] with the possibility of maintain- 

ing the information with the shutting off of the power supply. The advantages 

of this type of memory are that with ordinary SM energy is not required for 

méintaining the recorded information and similar to the memories with random 

access, they permit repeated erasure and reprogramming [1]. 


In recent years particular interest has been shown in the electrically re- 
programmable memories (ERM) with a metal-nitride-oxide-silicon structure. 
These differ from the reprogrammable MOS memories of the "floating gate" 
type in terms of the method of erasing. With the MNOS memories the infor- 
mation can be repeatedly recorded and erased electrically, and with the 
MOS memories with a "floating gate" structure, erasure is carried out non- 
electrically by ultraviolet radiation. 


The microelectronics institute has developed and tested the semiconductor 
ERM SM 8201, and a block diagram of this is shown in Figure 1, and this has 
been examined in detail in [2]. The time diagram of the signals by which 
the CM 8201 operates is shown in Figure 2. The ERM operates in three modes, 
erase, record and read. Before each mode the input-output circuit is nulled 
by the signal F) (Figure 2). 


In an erase mode, only the elements of the memory matrix are involved, and 
they receive a positive pulse. 


In a record mode, the threshhold voltage of the MNOST is altered, in pro- 
viding a negative pulse to the corresponding row of the memory matrix. 











































































































Wd “Ys The recording in the cell is determined by 
|| [ - the data supplied to the information input 
‘..., _ ; (in). 
z 
! | } . Out 
matrix Z In the read mode, the state of the output 
ke i R/k circuit is determined by the information 
Xig--- ae ad rn T's coming from the memory matrix and is stabil-zed 
[buffers | S| } in ized by the time signal Fo. 
es a rs) 
: decod i) p—%, 
; Seocter_| 5 — , The signal for selecting the ChS [CS] crystal 
fad. buffery is used for blocking in reading and recording, 
- -———— ee and this is used with the large capacity ERM 
ke “-, memories CM 8201, and this has the following 
parameters: 
Fig. 1 Erase or record time 100 microseconds 
Access time 2.5 . 
Consumed power in 
active mode 210 milliwatts 
& read erase record t 
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As an example of the areas of use of the ERM one can point to: 
computer control systems for cash registers or other terminals. 








Fig. 2 


Micro- 
Here the 


ERM can be used as an energy-independent data carrier for replacing infor- 


mation on inventories ard prices. 


If for the system the access time is the 


most crucial parameter, here comparatively cheap 0ZU [a type of memory] can 
be used, and the content of the ERM can be rerecorded in .t in turning 2n 
the system. 











Digital devices for the tuning of television sets. Here use is made of 

both the energy independence as well as their capability for reprogramming. 

In these systems, the ERM remembers the digital information for tuning the 
varactors and this through the TsAP [?digital-analog converter] supplies the 
necessary varactor voltage. In a system with automatic phase control, the 
ERM stores the information for the recessary frequency separation coefficients 
for the various channels, and this sets the separation coefficient for the 
variable mode counter. 


In electric code locks, the ERM stores the opening code combination which 
the owner can change periodically. 


Automatic dialers [3]. This can be the most timely application of the ERM 
for our country. These devices with the development of the MOS GIS have 
become accessible for a broader range of users, and with the application of 
the ERM, their use will increase even further. 


Figure 3 shows the circuitry of an automatic dialer realized with the de- 
scribed Bulgarian integrated circuit CM 8201, and the method of using it is 
shown. 


















































lc a] sak The switching of the various modes 
; =. pa oy ™ (erase, record and automatic dial- 
~b a ery ing), in bearing in mind the spe- 
E BY peor cific parame.-ic requirements, is 
_DB }.° ay? realized with the mechanical 
—— Xy switch MS. Ina “erase” mode, the 
Xe] uenery only manipulation is to activate 
na a La the necessary button on the sub- 
/ SB Ar] By scriber's board SB from which to 
Xo =e Cc the appropriate X address the : 
~ yal |= S necessary positive pulse is sent. | 
. BV. In the record mode, the time ratios 
if ' 138 of the signals are obtained from 
.36V : the timer BT and the decoder Dy. | 
~ For the recording time, the appro- | 
| 4+ ne Ow priate button is depressed and the : 
4 ~~] te digits of the numbers of the digit 
' i ~~ lo, board DB are selected, and these 
= - 








after conversion in the input de- 
vice ID are sent to the memory, 
Fig. 3 and simultaneously with this the 
" X and Fp signals are generated 
from the logical circuit LC once. 


In the automatic dialing mode there is the particular feature that during 
the pick-up time of the button there is the reading of the recorded informa- 

tion by the changing of the Y addresses set by the Y counter YC and its re- 

cording in the converter C. For obtaining the necessary higher operating 








frequency, the decoder DR is used. After the reading of the last address, 
the in-coming time sequence is stopped. The timing oscillator TO operates 
on a frequency of 1 kilohertz. The BT has a modulus of 128, and in record- 
ing this ensures the obtaining of signals with a duration of 100 milli- 
seconds, and with automatic dialing the read cycle of the 20 addresses 
lasts 80 milliseconds. 


The electrically reprogrammable MNOS semiconductor memories are completely 
new devices for which there still is not full information on all areas of 
their use. Certain basic decisions employing this type of memory, however, 
indicate their obvious advantages in relation to the other semiconductor 
memories and make them particularly promising in the development of many 
systems. 
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SPECIFICATIONS OF ELECTRONIC CASH REGISTER ‘ELKA 88" 


Sofia ELEKTROPROMISHLENOST I PRIBOROSTROENWE in Bulgarian No 5, 1979 back 
cover 


(Advertisement: "The Elka 88"] 


[Text] The Elka 88 electronic cash register provides precise and rapid service 
and good accounting in public dining institutions. 


The modern production methods--the microprocessor component base and the 

4K X 4-ferrite working storage--is the basis for the high operational capa- 
bilities of the Elka 88 for cash entries. 

Technical Specifications: 

200 registers for storing the unit price of the product line; 

200 registers for the quantity of the product line; 


Capability for use by 7 serving brigades, each with 4 storage registers: 
kitchen, buffet, total ["storno"], and customers served; 


Magnetically coded keys for each server; 
Cancelling of incorrect order and accounting for returned goods; 


Accounting for the brigades, product lines and total for the entire cash 
operation; 


Printing of three order slips: for the customer, the kitchen and the buffet; 
Automatic locking with overloading of the registers; 
Seiko printer with 2.5 lines per second; 


Displey: 17-digit, green, segmental lights; 





ll 










Dimensions: 230 x 530 x 560 mm; 


Weight: 31 kilograms. 


Exporter: VTO Izotimpeks, 51 Chapayev Street. 
Telephone: 73-61; Telex: 022731 











BULGARIAN MADE THERMOFLUORESCENT METER DESCRIBED 
Sofia VOENNA TEKHNIKA in Bulgarian No 7,1979 pp 25-26 


[Article by Major Engineer Radko Radev: "The TFD-102 Thermof luorescent 
Photometer-Dosimeter" } 


[Text] Our electronic industry has developed for the needs of the armed 
forces the TFD-102 thermofluorescent photometer-dosimeter (Figure 14. It is 
used for individual dosimetric control of gammma radiation by measuring the 
dose to which the TLD-101 P individual cthermofluorescent dosimeter has been 
exposed. 


The need for individual dosimetric control of the radiation of the personnel 
with gamma rays resulted in a variety of views and means for its solution. 

One of the most effective is the thermofluorescent method in which the 
obtained results have the necessary ability and recurrence, while the possible 
error is minimal. The method consists of applying a thermofluorescent film 
of calcium fluorite on a heating coil. Following radiation from s gamma ray 
source structural changes occur in the fluorite film. With subsequent heating 
by releasing electric current through the coil, the dosimeter flashes and the 
resulting light figure is proportional to the absorbed gamma ray dose. In 
practice this is obtained through the individual TLD-101P (Figure 2) thermo- 
fluorescent dosimeter which consists of the glass pipe 1, heating coil 2, 
thermofluorescent film of calcium fluorite 3, cap 4, and contact ring 5. 
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Figure 1. Figure 2. 
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The flash curve of the TLD is shown on Figure 3. We can clearly see chat 
several peaks occur during flash time. The third and highest peak is used 

in obtaining the factual data (the first two are low-temperature and are not 
clearly manifested). That is why measuring time begins at moment t, and ends 
after the information has been given, at moment t. (from the 13th td the 26th 
second). For the time between t. to small t (frm the 26th to the 52nd 
second) the dosimeter is heated at a higher tension in order to erase the 
information, after which it is ready to provide more data. 
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Key for Figure 4: 
1. Rectifier 7. Charge impulse transformer 
2. Key 8. Divider 
3. Transformer 9. Digital indicator 
4. Stabilizer, 9 volt 10. Generator 
5. Stabilizer, 5 volt il. System time 
6. Photoelectronic multiplier 12. Control System 
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Because of their sensitivity to light and the risk of obtaining wrong data, 
it is undesirable for the dosimeters to be exposed to sunlight (kept in the 
open) for more than 10 seconds. For this reason they are placed in pen- 
shaped containers and carried by the military personnel in their pockets. 
The instrument set contains 100 holders numbered from 1 to 100, each con- 
taining two TLD-101P dosimeters, one above the other. The upper dosimeter 
is the working (control) instrument which shows the radiation dose to which 
the personnel has been exposed, while the second is integral, recording the 
absorbed dose over a lengthy period of time. 


The TFD-102 measures the dose collected by the individual thermoflucrescent 


TLD-101P dosimeters. The block diagram (Figure 4) provides the easiest under- 
standing of its principle of operation. 


15 





The measured dosimeter is introduced in the measuring niche of the instrument 
by pressing in and out buttons. A current is led through it, heating it to 

a temperature in excess of 300 C. When the dosimeter is radiated, the active 
thermofluorescent film becomes lit. The light radiated by the heated dosi- 
meter reaches the photocatode of the photoelectronic multiplier (FEU) which 
transforms the light into electric energy. Through the ZIP charge pulse 
transformer the FEU is transformed into impulses whose number is proportional 
to the amount of light taken from the light curve. For example, if one 
roentgen corresponds to 1,000 pulses, divided by 100, che digital indicator 
will record the figure 1.0. 


The necessary measurements cycle is achieved through the time-giving system 
which consists of a quartz generator per megahertz, a frequency divider, and 
a control system. The photomultiplier receives high feeding tension from a 
transverter which, together with the charge pulse transformer, is fed from a 
nine volt stabilizer. The remaining blocks are fed by a five volt stabilizer. 
Engaging the switch the stabilizers are fed 12 or 24 volts directly from the 
battery or from the power grid rectifier. 


The charge pulse transformer has an interesting design which will be described 
in greater detail. It could be used with various measurement systems, in 
photometry, and wherever the light signal is similar to the signal released 

by the TLD. The ZIP diagram shown on Figure 5 includes field transistors T 
(FJ1001), T, (BFW10) transistors T,and Ty (2T6602) and their connecting 
elements. 






































Figure 5. 
Key: 


1. FEU 
2. Circuit input capacity 
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The negative current coming from the photomultiplier discharges the imput 
capacity of the S circuit, consisting of the capacity of the coaxial cable 
between the FEU a and the T, shutter (in the 30 picofarad range). Let 
us assume that the initial potential of the T, shutter is nine volts, i.e., 
that S has been charged with this tension. The negative current of the 
photomiffiplier discharges the S in accordance with the lighting of the 
FEU. The potential of the T skoPcer drops. The T. transister is connected 
as an outgoing repeater and Chis reduction may be seén with an oscillograph. 
When the tension at the T, outlet drops below a stipulated threshold tension 
V,, the Schmit trigger, consisting of T, and T,, turns over. From totally 
covered the T, transister becomes totally open. The negative potential in 
its collector is fed to the T, shutter which opens, thus allowing the fast 
charging of the S through + and R,, to the threshold tension V., in che 
course of which ckS trigger resumes iti initial condition. Transistor T, is 
closed and interrupts the charging of SK - The evacuation of the FEU current 
in the S begins, i.e., the process is repeated. The number of pulsations 
obtained’ St- the. exit will be proportional to the speed with which the S$ is 
charged. In turn, it is determined by the FEU current and, hence, the #8 
light and radiation dose. The number of pulsations in the direct current of 
the photomultiplier could change with changes in che S ich or at the thresh- 
hold of che activation of Schmit's trigger. 


The TFD-102 registers gamma radiation within the range of 1.0 to 999.9 
roentgens. The great advantage of the instrument is the direct reading of 
the recorded dose through a quadrilevel digital indicator. The older variant 
of che TF-101 instrument, the same range was divided into three subranges 
with visual readings and use of coefficients, which resulted in additional 
errors amounting to dozens of roentgens. In the TFD-102 the reading accuracy 
is under 0.1 roentgen level. 


No more than 30 seconds are required for producing the information. The 
duration of the entire measurement cycle is 55 seconds. The instrumenc, 
therefore, has a measurement capacity of no less than 45 dosimeters per hour. 
The instrument has a multiple feeding system--220 voli oower grid, its own STs10 
battery, or outside 12 or 24 volt accumulator. 


Compared with the TF-101R, the TFD-102 instrument offers a number of other 
advantages as well: it isn lighter and more compact, and made of printed cir- 
cuits which ensures its smaller size; the calibration of the instrument is 
stable and durable, secured by the use of an alpha source with long-term decay; 
it is more convenient for use by the operator; the tuning of the instrument 

is easier in the course of repairs and periodical checks while the repairs 
themselves are faster and easier in tracing damages. 


All these qualities give the TFD-102 thermofluorescent photometer-dosimeter 
a high practical value and the possibility for extensive use in the armed 


forces. 
5003 
cso: 2200 
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PROCESS CONTROL METHODS IN PRINTED CIRCUIT BOARD PRODUCTION 


Budapest FINOMMECHANIKA MIKROTECHNIKA in Hungarian Vol 18,No 8, Aug 79 
pp 231-235 


[Article by Endre Toth, associate professor, Department of Electronic 
Technology, BME (Budapest Technical University) ] 


[Text] Hole-galvanized and multilayer types represent the 
highest value among printed circuit boards. Preparation 
of such circuit boards involves very many process steps. 
Uniform quality can be assured only if appropriate con- 
trol checks are made during the manufacturing process. 
Computers are used these days for the process control 
checks. 


The standards define the tests for finished printed circuit boards and the 
materials used in their manufacture. A large number of process-control 
tests are carried out when printed circuit boards are manufactured. These 
tests play an important role in ensuring the quality and reliability of 
the product. 


The hole-galvanized and multilayer printed circuit boards in computers and 
industrial electronic devices represent a sizeable value. The quality of 
the circuit boards basically determines the quality and reliability of the 
complete product. Thus, the manufacture of the printed circuit boards must 
be carried out with special attention. 


The technologies of hole-galvanized and multilayer printed circuit boards 
may be classified as follows: 

- Mechanical technologies 

- Chemical and electrochemical methods 

- Printing-technology methods 

- Plastics-technology methods, and so forth. 
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Below we discuss some chemical and electrochemical methods, as well as the 
process-control tests involved in them. Insofar as the reliability of hole- 
galvanized printed circuit boards is concerned, the primary factors are the 
mechanical and metallurgical characteristics of the metal layers made by means 
of chemical and electrochemical techniques. These characteristics are even 
more important if multilayer printed circuit boards are manufactured. 


The width of the conductor paths in hole-galvanized and multilayer printed 
circuit boards was more than 0.5 mm during the 1960s. As printed circuit 
boards were increasingly used, fine-path designs were introduced, in which 
the width was 0.3-0.4 mm. At the present time, very fine path designs are 
used in industrially developed countries, in which the width is about 0.2 m. 
If no fundamental changes take place in the technology of printed circuit 
manufacture, we expect that the conductor-path width most widely used in the 
mid-1980s will be 0.15-0.10 mm. This, as a matter of fact, is the minimum 
width that can be achieved with current technologies, if they are developed 
to their limits. 





















































Fig. 2 
- Filled-up holes Key: 1 - Crack 
- Through holes 
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Figure 1 illustrates a multilayer printed circuit board. Most boards are 
made of Type G-10 or Type FR-4 epoxy-glass fabric panels. The thermal expan- 
sion coefficient of epoxy-glass fabric panels is one order of magnitude 
larger than that of copper. As a result, the copper layer may crack if 

the galvanically prepared tin-lead coat is melted or soldered (Fig. 2). 


Printed circuit boards with 1.5-1.6 mm wide conductor paths are widely used. 
The soldering temperature is 220-260°C. The temperature may become even 
higher if manual soldering is employed. The soldering operation causes the 
temperature of the board to increase by more than 200°C. No crack will take 
place in the galvanically deposited copper layer if the elongation is more 
than 6-10%. The rear-surface conductor paths and the thickness of multilayer 








may be 2.5-3.0 mm wide or more. Copper electrolytes capable of furnishing 
even more ductile layers are needed for such boards. 


From the time when mass production of hole-galvanized printed circuit boards 
has started until the carly 1970s, pyrophosphate electrolytes were primarily 
used for printed-circuit galvanization since the macroscatter was then sat- 
isfactory, and the mechanical characteristics of the copper layer deposited 
were good. There were occasional difficulties with the electrolyte since 
degradation products of the additives became enriched and interfered with 
the quality of the copper layers. 


In the meantime the scatter performance of sulfuric-acid based copper elect- 
rolyte was improved by reduction of the metal concentration and increase of 
the sulfuric-acid concentration. Various grain-refining and brightening ad- 
ditives are now also available for these electrolytes. There are many 
technological parameters in both electrolytes which affect the character- 
istics of the layers deposited. 


Insofar as the quality of the printed circuit boards is concerned, the fol- 
lowing are the primary characteristics of the copper layer: tensile strength, 
elongation, hardness, crystal structure, and electrical conductivity. These 
characteristics are affected by the composition of the electrolyte and the 
technological parameters (such as temperature, pH, current density, and move- 
ments of the electrolyte and object). 
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The characteristics of the copper layer prepared are also affected by the 
additives used in the electrolyte. These additives must be used as speci- 
fied by their respective manufacturers. Insofar as their quantitative ana- 
lytical determination is concerned, some information may be obtained usu- 
ally only by means of Hull-cell tests. It is therefore possible that the 
additives are added in excessive amounts and that the decomposition pro- 
ducts of the additives become enriched in the electrolyte. All these could 
adversely affect the characteristics of the deposited copper layer. Another 
critical factor in connection with the additives is the fact that their 
composition is unknown since most are marketed under brand names. As a re- 
sult, many manufacturers of printed circuit boards included tests on the 
mechanical properties of the layer among the tests conducted during manu- 
facture. If any change is detected in the properties of the layer which 
cannot be attributed to a change in a technological parameter , the elect- 
rolyte is purified (for example trea*ed with activated carbon). 


The characteristics of the finished coating cannot be determined on a con- 
plete printed circuit board. Special test boards must be prepared for this 
purpose. The samples for determining the mechanical properties must be made 
with various current densities. There are fluctuations in current density 

in printed circuit boards arising from design features or various configura- 
tions of the wiring pattern. 
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Key: 1 - Sn in the layer (%) 
2 - Current density (A/dm”) 


Organic substances may enter the electrolyte not only in the form of addi- 
tives. Boards with negative mask are used for galvanization. The material 
of the mask may be screen print or photoresist layer. If the materials of 
these are not resistant enough, they may also affect acversely the charac- 
teristics of the layer. 








In most galvanically prepared layers, including those prepared with a sul- 
furic acid electrolyte, recrystallization takes place in the copper. The 
recrys‘tallization affects the mechanical properties of the metal layer. 
Thus, the samples prepared for the tests must be made under identical con- 
ditions, and the tests must be performed identically. 


The tensile strength of a copper layer made with acidic electrolyte is ° 
100-150 N/mm2, measured immediately after the galvanization. This value de- 
creases continuously; after 4-5 days it stabilizes at the level of 60-90 
N/mun@ . The elongation and the hardness of the layer also changes as a re- 
sult of recrystallization. Heat treatment speeds up the recrystallization. 
Figure 3 illustrates the tensile strength and the elongation of the layer 
as a function of the heat-treatment temperature. The heat treatment causes 
the stabilization of the changed mechanical properties of the layer, pro- 
vided that the heat treatment was carried out for sufficient length of time. 
Figure 3 shows that the elongation of the copper layer changes significant- 
ly even if the temperature of the heat treatment is relatively low, for 
example 100-150°C. It is therefore advisable to include a heat-treatment 
step in the technological process sequence when making hole-galvanized and 
multilayer printed circuit boards. 


The tin-lead layer becomes increasingly commonplace in the manufacture of 
hole-galvanized printed circuit boards. The tin-lead layer is usually 
melted in hot liquid or by infrared treatment. The tin-lead galvanic la- 
yer may be properly melted if its composition is close to that of the eu- 
tectic alloy. In addition to the technological parameters, the ratio of the 
ingredients also affects the composition of the layer. The ratio of the me- 
tal salts of the electrolyte generally has a more pronounced effect on the 
composition of the coating than the respective quantities. The current den- 
sity affects significantly the composition of the layer (Fig. 4). In de- 
Signing the printed circuit boards, when the master drawing is prepared, 
consideration must be given to the current-density conditions of the galvan- 
ization process. For example, one should not design unduly small solder 
rings since the current density would then become too high at the ring peri- 
meter, thus shadowing the hole. As a result, the surface of the solder dot 
would have toohigh tin content and the hole would have too high lead content. 
It is therefore evident that major fluctuations in alloy composition may 
take place within a small area, and this may adversely affect the melting 
behavior. Among the electrolytes the tin-lead electrolyte is one of the 
most highly sensitive to movement of the object. Movement of the object 
actually affects the composition of the layer. For this reason the elect- 
rolyte manufacturers recommend gentle movement in a direction parallel to 
the surface of the board. 
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In actual practice, the boards are placed into the galvanizing tank under 
current. There are several tool sites in the galvanizing tanks, so that 

the first board inserted at the beginning of the shift may have a much 
higher current uptake than necessary. This results in the "burning" of the 
lowermost layer of the coating. The fact that as a result of the too high 
current density the tin concentration of the layer becomes too high is just 
a lesser evil.It is desirable for preparing alloy layers to have each tool 
site equipped with its own rectifier. In this event the anodes are combined. 


In most instances the boards are placed into the electrolyte under current 
Since there is a fear that the metal may become cemented. Cementation does 
not take place with tin, nor with lead, since each of these two metals is 
less noble than copper.Insofar as the composition of the layer is concerned, 
therefore, the best approach is to place the tool on a currentless support 
and then to switch on the necessary current at once. 


If the lowermost layer of the tin-lead coat precipitates under not unduly 
high current density. it may indeed burn. If subsequent galvanization is 
carried out under the proper current density, the subsequent layers hide 
the thin burned section. This fault will manifest itself only if the coat- 
ing is melted. The coating will not wet the copper surface uniformly, so 
that "dewetting" will take place. This is one of the worst faults in pre- 
paring tin-lead coatings: while the galvanized surface appears to be per- 
fect, the coating can nonetheless not be melted properly. 


Various cationic, anionic, and organic contaminants may also be harmful to 
the quality and meltability of the tin-lead coating. The tin-lead electro- 
lyte does not dissolve copper; however, it dissolves copper oxide. In a 
design-galvanizing line, galvanic copper-coating precedes the preparation 

of the tin-lead coating. There are several ways in which contaminant(s) may 
enter into the tin-lead electrolyte. One is, for example, that the rinsing 
that follows copper-plating takes too long time, so that the copper layer 
oxidizes and the oxide is subsequently dissolved by the tin-lead electrolyte. 
if the electrolyte is contaminated with copper, the color of the tin-lead 
coating becomes darker—even if the copper concentration is as low as 
0.01-0.0S grams per liter. If the copper concentration is as high as 

0.0S5-9.1 grams per liter, the coating will not melt properly. 


The copper precipitates together with the tin and the lead. Copper deposits 
in larger amounts as one would expect from its ratio in the electrolyte. 
The copper content of the deposited coating increases as the current den- 
sity decreases (Fig. 5). This is favorable insofar as the purification of 
the electrolyte is concerned, since the copper may be removed by galvan- 
ization onto a wavy cathode at low current density. It is thus evident 








that the method for purifying the electrolyte is galvanization at a low 
current density (0.1-0.3 A/dm?) since this removes all copper from the 
electrolyte. 


The copper in the electrolyte oxidizes the tin in the electrolyte with 
the result that the tin content of the coating decreases. 


Other metallic contaminants such as cadmium and zinc may also enter the 
electrolyte. Sut these metals are by far not as dangerous as copper. 
These two metals or other contaminants may enter the electrolyte from 

the anode or from the chemicals used. Thus, the quality of the materials 
used in the galvanizing process must be controlled carefully. It is typi- 
ical for most metallic contaminants which are likely to be found that 
they cannot be removed from the tin-lead electrolyte by galvanization. 
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Fig. 5S 
Key: 1 - Cu in the coating (%) 
2 - Cu in the electrolyte (grams/liter) 


We could use additional examples to demonstrate the effect of the technol- 
ogical parameters on the quality of the product. We presented the above ex- 
umples to illustrate the fact that tests during manufacture are very im- 
portant in the preparation of hole-galvanized and multilayer printed cir- 
cuit boards. Many technological parameters must be monitored in the course 
of manufacture and be maintained at the prescribed level. The use of a 
small computer may make this more economical. In this manner the small com- 
puter could become an active part of the manufacturing equipment or of the 
quality-control procedures. The large memory capacity permits the measure- 
ment of the technological parameters, their comparison to the required va- 
lues, and even to carry out the necessary corrections in the appropriate 
way. 


24 
































































































































2) f a 
T verre 
is 4 
| 2 Maratas x 
a es 4) 
s Hes 3 
$i Doli 55). & 
{Spare 3 
5 rig SO. z 
> folvorukus Sn 3 
qa : 
ites i= | 
9 
7 
sogdiati = 
készitese®)| ern 
Fig. 6 
Key: 1 - Parameter-stabilizing control 
2 - Computer 


3 - Etching 

4 - Rinsing 

5 - Rinsing 

6 - Galvanic Cu 
7 - Galvanic Sn 

8 - Preparation of test samples 
9 - Samplers and sensors 

10 - Control devices 

11 - Basic data 

12 - Sample preparation 


Figure 6 illustrates a process checking system. Many technological para- 
meters, such as temperature, pH, and flow rate, can be measured with sen- 
sors. The computer evaluates the results of the measurements fed into it, 
and issues commands to the various devices for undertaking the required 
measures. For example, in many cases a sample must be taken from the elect- 
rolyte and analyzed. In such cases the computer is also capable of running 
the sample-preparation and sample-testing apparatus.The corrections needed 
on the basis of the results of the measurements can also be entrusted to 
the computer. There are tests which cannot be carried out in an automated 
manner, for example the determination of the tensile strengh or the 
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or the elongation of the copper layer. These measurements must be carried 
out periodically and the results must be fed into the computer. 


The computer stores the results of the measurements for a long time. This is 
an advantage since if quality problems arise subsequently as the circuit 
boards are outfitted (or even later), the cause of the defect can be 
cleared up quickly. Process checking, if performed properly, may also re- 
sult in improvements in manufacturing technology. Supplementing the data 
bank with measurement results, we can provide more uniform product qua- 

lity and improved product reliability. 
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PRODUCTION, MEASUREMENT, APPLICATION OF INHOMOGENEOUS THIN FILM 


Budapest FINOMMECHANIKA MIKROTECHNIKA in Bungarian Vol 18 No 8, Aug 79 
pp 235-236 


[Article by Dr Miklos Szilagyi, associate professor, Department of 
Electronic Technology, BM6 (Budapest Technical University) ] 


[Text] The article describes the "distant mask" method for 
producing thin layers with inhomogeneous thickness 
distribution. With the aid of this method, strips 
of -varying width and variable square resistance may 
be obtained reproducibly. The four-pin method is 
the best suited for measuring the square resist- 
ance of narrow inhomogeneous strips. Inhomogeneous 
layers have various potential applications in 
electronics; for example they may be used to make 
the design of thermoprinting heads much simpler. 


1. Introduction 


In making thin Jayers, we usually aim at obtaining layers which are uni- 
formly thick over the entire substrate surface. This can be achieved if 
the carriers are placed in respect to the source in a very specific way 
or if the carrier holder executes rotary (or more complex) movement [1]. 
In certain instances a shadowing plate of special configuration is used 
to increase the homogeneity of the layer [2]. By using these or other 
appropriate methods, we achieve a layer-thickness inhomogeneity of less 
than a few percent over carriers of the size usually needed in micro- 
electronic technology. 


However, for certain applications it may be useful if the thickness of 
the deposited layer is not uniform over the entire surface of the sub- 
strate, but changes in various areas or domains. One such example from 











the ficld of electronic technology is the manufacture and use of the thermo- 
printing heads [3]. 


Figure 1 illustrates the conventional configuration of the heat points of 
the thermoprinting heads. The distance between the two contact surfaces is 
determined by the size of the heat point. Since this is a very small size, 
a few tenth of one millimeter, the soft contact layer—usually made of 
gold—must be protected from the abrasive effect of the thermoprint paper 
by an insulating layer consisting of insulating material. This layer is 
recently made in a vacuum cycle. 




















Fig. 1. Fig. 2. 
Key: 1 - Heat-sensitive paper Key: 1 - Heat-sensitive paper 
2 - Protective layer 2 - Contact layer 
3 - Contact layer 3 - Resistance layer 
4 - Resistance layer 4 - Substrate 
5 - Substrate 
Fig. 3 
Key: 1 - Substrate 
2 - Mask 
3 - Source 


Figure 2 illustrates the configuration of the heat points using an inhomo- 
geneous layer. Since the thickness of the resistance layer, and thus its 
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conductivity, is higher outside the band of the heat point, the contact 
surfaces may be placed so far apart from the heat point that they no 
longer are in contact with the heat-sensitive paper. Thus, there is no 
more need for a protective layer and therefore for an other vaporiza- 
tion cycle for its deposition. 


An inhomogeneous layer may also be useful for the designing of certain 
thin-layer resistor systems. In the case of a conventional homogeneous 
layer it is difficult to create very high and very low resistors on the 
same substrate. In such cases, the high resistors are made in the form 
of meanders, which require much space [4]. If we create domains with 
various square resistances on the substrate during the vapor-coating pro- 
cess, and if we place the resistors properly, the system can be created 
much more simply and on a much smaller surface area. 


There is evidence to expect that inhomogeneous thin layers would find use 
in microwave devices and some areas of optics also. 


2. Formation of Inhomogeneous Layers 


There are various methods for creating inhomogeneous thin layers within 
the vacuum space. They are the following: 


- Mask-changing systems 
- Shadow-plate method 
- "Distant mark" method. 


To create stepwise inhomogeneities, the mask-changing system within the 
vacuum space may be used. However, practical realization of the system 
is very complex: the masks must be very precisely moved with respect to 
the substrates from outside the vacuum space while the substrates and 
the masks move circularly or over a planetary orbit to ensure layer 
uniformity. 


Stationary shadow plates of the proper configuration in the vacuum space 
cover various parts of the rotating substrates, thus creating an inhomo- 
geneous layer [5S]. There is now a computer program for designing the 
configuration of the shadow plate. Design and experimental studies in- 
dicated that this method is suitable for creating large-size (about 100 mm) 
inhomogercities but not for creating major inhomogeneities over a short 
distance (a few millimeters or less). 
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Fig. 4. 
Key: 1 - Overlap 


Most of our studies concerned the distant mask method. The principle of 
the method is illustrated in Fig. 3: the substrates are placed on a ca- 
rousel, of which the axis cf rotation is parallel—but not coincident— 
to the normal of the source. The surfaces of the substrates are per- 
pendicular to the axis of rotation and the masks moving together with 
them are located at a certain distance. During rotation the mask shad- 
Ows various parts of the surfaces of the substrates from the source, 

so that this “half shadow" effect creates layers of inhomogeneous thick- 
ness. 


In the case of the simple geometric setup illustrated in Fig. 3, the 
location-dependence of the layer thickness may be calculated if we app- 
roximate the directional characteristic of the source with a simple 
cosine expression. Figure 4 shows qualitatively the result of the cal- 
culations. Basically, we must distinguish between two cases: 


a) The half shadow effect does not overlap from the two edges of the 
mask. In this case the thickness of the layer decreases gradually 
over the area protected by the mask, and the layer is missing al- 
together in one section. 


b) The half shadow effects overlap from the two edges of the mask, and 
there is an increase in layer thickness in the center portion of the 
covered area as a result. 





3. Measurements and Results 


We used two methods for measuring the layer-thickness profile: 





- The scanning layer-thickness measurement (Talystep device) ; 
- Measurement based on optical absorption, using a microdensitometer. 


We were able to carry out useful measurements with the Talystep device by 











etching off the layer from the surface of the sample in 25 ym strips 
and measuring the thicknesses of the step pattern that formed [6]. This 
procedure eliminates the effects of surface curvatures and surface un- 
evennesses. The method was accurate enough but it was destructive and 
required much effort. We therefore determined the profile by optical 
methods in most cases, and used the Talystep method for calibration 
purposes only. There was good agreement between the results of the two 
measurements. 


The variations in square resistance are more important that the thickness 
profile insofar as the electronic applications of the resistor layers 

are concerned. For these measurements we used the so-called four-pin 
resistance measurement, which is well known [7]. With the appropriate 
correction, the method is also suitable for the measurement of the mean 
square resistance of narrow inhomogeneous strips using a setup as il- 
lustrated in Fig. 5.The results obtained in these measurements are 
especially suitable for the evaluation of inhomogeneous layers created 
for thermoprinting heads. 











Fig. 5. 

Key: 1 - Voltage pin 
“2 - Current pin 
3 - Resistance layer 
4 - Substrate 


We created inhomogeneous layers in two value ranges with the aid o* the 
distant mask method. In one experimental series the width of the inhomo- 
geneous sector was 10 mm; in the other, in the order of magnitude of 
several tenths of one millimeter. In the first series we used a thin 
metal plate to make the distant mask; in the second ser‘es, we used 

taut wire. 


Examination of the inhomogeneities in both domains indicated that the 
experimentally created layers have the theoretical characteristic curve 
illustrated in Fig. 4..The deviation from the theoretical mainfested 
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itself mainly by the fact that the changes in layer thickness were less 
steep in the transition sites (at the boundaries of the homogeneous la- 
yer or at the start of the overlap). The main reason for this is that we 
are not entirely justified in assuming that the source is point-like. 

A result close to the theoretical, but deviating from it to some extent 
was found in inhomogeneous layers of which the width was in the order of 
magnitude of a few tenths of one millimeter. In part this was the result 
of the fact that the method of measurement is less accurate in this 
domain; also, the calculations were based on a planar distant mask, which 
could be regarded as only a rough approximation insofar as the wires used 
were concerned. 
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UNIVERSAL MICROPROCESSOR BASED CONTROLLER FOR TESTING THERMOPRINTER HEADS 


Budapest FINOMMECHANIKA MIKROTECHNIKA in Hungarian Vol 18 No 8, Aug 79 
pp 239-240 


[Article by Otto Szeker, Department of Electronic Technology, BME [Budapest 
Technical University) ] 


[Text] Preparation of complex electronic circuits is necessary 
for the complex testing of experimental thin-layer ther- 
moprint heads under development at the Department. An 
important consideration is the need of being able to as- 
semble the control circuit of commercially available 
electronic components to the maximum possible extent 
since this would result in saving extra work for cir- 
cuit designing and construction. 


1. Requirements Imposed on the Thermoprint Head Test Apparatus 


a) The heating time of the heat points must be variable. 
b) The heating voltage of the heat points must also be variable. 


The two above parameters jointly determine the heating power per heat point. 
c) The heating sequence of the heat points must be variable. 

This permits the examination of the interactions among the individual points. 
d) The drawn pattern must be displayed. This permits the examination of 


extreme combinations. 


e) The mechanical speed of the paper transport mechanism must be variable. 
This determines basically the standstill time resulting from the heating 
times. 
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2. The Thermoprint 








Power supply unit 

Stepping motor control electronics 
Thermoprint unit 

Microprocessor control i4004 
Electrical drive mechanism 
Perforated-tape reader 

Keyboard 


Head Testing Apparatus 


The design of the thermoprint head testing apparatus is illustrated in 


Fig. 1. 


The following units are connected to the central processor: 


a) The thermoprint 


unit contains the thin-layer thermoprint head, the 


paper-transport mechanism, and the stepping motor. 
b) The stepping motor control contains the circuit driving the motor 
coils on a 100 by 160 mm card. It requires a TTL-level stepping pulse 


at its input. 


c) The electronic drive unit ensures the tri-state control of the wires 
connected to the diode matrix. It requires TTL- or MOS-level control 
Signals at the input. 

d) Keyboard. Used to enter program-control data and heating times. 


e) Perforated-tape 


reader. Serves for entry of pattern configuration if 


it is not fixedly stored in the memcry. 
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Key: 1 - Switches 
2 - Reading in | 
3 - Heating time in 
4 - Reader control 
S - Stepping motor control | 
6 - Heating control | 


3. The Central Processor Unit 


The central processor unit is the universal controller of the VBKM PDV-’4, 
which is described in detail in [1]. Figure 2 illustrates the assignment 
of the inputs and outputs. 


The central processor unit meets the needs outlined in Section 1 in the 
following way: 


a) The heating time of the heat points may be changed in 16 steps, in 1 msec 
increments between 0 and 15 msec. By modification of the program, the 1 msec 

time base may be varied in 10.8 wsec steps practically in a continuous man- 

ner. The heating time may be set digitally with the aid of the four switches 

directly connected to the unit. 


b) The heating voltage of the heat points is provided from an external 
source. The voltage of this is also adjusted from the outside. The maximum 
voltage is limited by the parameters of the switching transistors and the 
thin-layer heat points. 


d) The drawn pattern may be displayed in two different ways: 




























































































Key: 1 - Start 
2 - Operating mode reader 
3 - Reading-in of block 
4 - Pattern, RAM? 
S - Reading from PROM 
6 - Reading from RAM 
7 - Segment out 
8 - Heating time in, At delay 
9 - Zero out 
10 - Stop? 
1l - Stepping 
12 - Yes 
13 - No 


- In the form of a pattern fixedly entered in the program. In this case the 
drawn field is a 64 x 32 point matrix, which may be accommodated in a 
256-byte REPROM. The pattern may be varied by replacing the capsule or 
reprogramming. 


- Pattern stored on perforated tape. The pattern punched into perforated 
tape in compact form is read block for block and displayed in the form 
of 54 x 32 point matrixes. By changing the content of the tape, any de- 
sired pattern may be displayed without rewriting the PROM. 


e) The speed of the paper-transport mechanism cannot be regulated by itself; 
the system realizes the fastest transport possible with the heating times. 


The flow chart of the program meeting the above requirements is illustrated 
in Fig. 3. The program space is 512 byte. The system can be used with ad- 
vantage for testing the thermoprint head for long-term performance under 
operating conditions. At the same time it is highly elastic, necessitates 
minimum hardware configuration, and can therefore be assembled economically. 
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HUNGARY 


MEASUREMENT OF NONLINEARITY OF ELECTRONIC COMPONENTS 


Budapest FINOMMECHANIKA MIKROTECHNIKA in Hungarian Vol 18 No 8,Aug 79 
pp 241-247 


[Articie by Dr Vladimir Rysanek] 


[Text] New methods are needed for the determination of the 
quality and reliability of electronic components. 
Current-noise measurements are presently most widely 
used, aithough the measurement of the nonlinearity 
of the resistors provides better results in most 
instances.Examining nonlinear components with an 
a.c. Signal, generating odd harmonics, we usually 
determine the nonlinearity level by measuring the 
third harmonic signal with a selective voltmeter. 
The measuring speed may be increased to ten com- 
ponents per second with measuring systems based on 
this principle. 


l. Introduction 


The need for more reliable electronic components increases all the time, so 
we need new methods for establishing the parameters which decisively affect 
the quality of the components. The presently most widely used method for 
measuring discrete thin- and thick-layer resistors as well as contacts be- 
tween metal and semiconductor uses the determination of the current noise, 
even though the method involving the measurement of the nonlinearity of 

the resistance is considered more accurate. The measured nonlinearity is 
very small in standard-quality resistances, and cannot be evaluated on the 
basis of d.c. measurements. Thus, for nonlinear components we need a.c. 
Signals, with which odd harmonic frequency signals can be generated ([1],[2]). 
The measuring setup, usually instruments available commercially, 
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must be capable of making measurements specifically at a given frequency 
[3]. The nonlinearity level is established by measuring the third harmonic 
with a selective voltmeter. Instruments of this type may be used for very 
high speed testing (for example in mass production) since, with a minor 
modification of the measuring system, the measuring rate can be increased 
to ten components per second. But, in many instances, ordinary laboratory 
instruments can also be converted to make them suitable for achieving the 
high sensitivity required for nonlinearity measurements, as well as using 
them for measurements at various frequencies. An example for this is a 
terminating (null-indicating amplifier [4]. 


2. Definition and Pundamentals of Nonlinearity Measurement 
The small nonlinearity value characteristic for constant-value resistors 
and contacts may be expressed with the mathematical equation written in 


the following form: 


i = (acu + Bru? + you? + Seu? +... ). (1) 











: j 
401 . 7 — 
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Fig. 1. Amplitude of the third harmonic voltage as a function of 
the amplitude of the incoming signal for thin-layer res- 
istors of various ratings. The exponent n (see Equation 3) 
equals tg a. 


This expression contains only the odd components of the polynomial. If 
u=U sin t, 


the following expression applies: 


I = (a*Uesin wt + B*U3+sin® wt + y*U°*sin® wt + ...). 








From this we obtain the following expression for symmetric nonlinearity for 


the basic, third, fifth, and seventh harmonic components with the aid of the 
Fouricr series: 


3 5 35 
1=(2-0 +3 2-024 5y-U%+ 350.07) sin wt — 
-(te-0 + yr 08+ 30-0")-in 3wt + 


l 5, 8 , 1 
+ ie” U + GPU") sin 5 wt — =75-U?-sin Tot. 
(2) 


To simplify the above expression, we may assume that the fifth and higher 
order functions are negligible. We then obtain a cubic function for the 
relationship between current and voltage, from which we can see readily 
that the amplitude of the third harmonic of the voltage signal is in 
proportion to the amplitude of the third harmonic of the incoming signal. 


But this approximation may be applied only to low-level thin-layer resistors. 


In certain instances, square and cubic relationships apply for higher-level 
thin-layer resistors (Fig. 1). 


If, in the logarithmic approximation of this function (Curve D in Fig. 1), 


we obtain a line not straight, this means some irregularity beginning at 
a specific voltage (U)¢). 





Fig. 2. Block diagram of the test setup for selective measurement 
of the third harmonic voltage. 
Key: 1 - A.C. signal generator (10 kHz) 
2 - Voltmeter (for 30 kHz) 
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The Third Harmonic Index (THI) is suitable for expressing the nonlinearity: 


THI= 20-1074 4 | (dB). (3) 


if we experience difficulties in the determination of the exponent n—which, 
as we can see from Fig. 1, equals tg a—we define the above index at ) 
Uig = lV. | 





Fig. 3. Block diagram of a measuring setup for measuring the 
third harmonic voltage in the laboratory. 
Key: 1 - Signal generator 
2 - Resistor bridge 
3 - Terminating (null-indicating) amplifier, PAR 121A 


In the case of a measuring method using another frequency, we may express 
the nonlinearity with another expression, which is also simple: 


‘iw U Vv 
alan =lorp ly | (4) 


where NIN denotes the Numerical Index for Nonlinearity, which is always 
a positive value. 


5. Experimental Measuring Setup 


The first measuring system available commerci, + was developed and is manu- 
factured by the Telefonaktiebolaget L. M. Eric: ,on company in Stockholm, 
Sweden. 


The current instruments use the same principle as the first one. The pure 
sinusoidal signal of the 10 kHz generator is switched to the component to 
be tested, and sclective measurement is made to determine the third harmonic 
voltage for nonlinearity measurement (Fig. 2). 























Fig. 4. Detailed block diagram of the measuring setup shown 
in Fig. 2. 

- 10 kz oscillator 

Amplifier 

- 6 x 10 dB divider 

- Power amplifier 

- Lowpass filter 

Matching transformer 

- Highpass f 

- Preamplifier 

- Bandpass filter 

- 10 x 10 dB divider 

- Logarithmic amplifier 


Key: 
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12 - Voltage amplifier 

13 - 10 kHz generator 

14 - D. c. voltage 

1S - Voltmeter (for 30 kHz) 

16 - Voltmeter (for 30 kHz) 

17 - Logarithmic 

18 - Linear 

19 - Automatic amplicude control 
20 - Voltage amplifier 

21 - 6 x 10 dB divider 

22 - Matching amplifier 

23 - Component under test 

24 - 10 kHz level 

25 - Voltmeter (for 10 kHz) 

26 - Remote control on/off 

27 - External amplitude control 


For laboratory measurements we usually emply a setup consisting of a gene- 
rator, a resistor bridge, and a two-channel selective, so-called terminating 
(null-indicating) amplifier (Fig. 3). 


3.1. Measurement of Nonlinearity at Fixed Frequency 


If we desire to use the measuring setup illustrated in Fig. 2, we must take 
certain major restrictions into consideration. 


- We must have a pure 10 kHz sinusoidal signal of which the third harmonic 
component is attenuated by 160 dB compared to the basic frequency. 

- For measuring the 30 kilz output signal we must have a sensitive and sel- 
ective voltmeter of which the full damping is more than 200 dB compared 
to the basic signal (component) . 

- The special matching transformer must provide maximum possible signal-to- 
noise ratio and best possible suppression of the noise signals in all 
parts of the measuring system. 


Figure 4 illustrates the detailed scheme of the measuring setup meeting 
these requirements. 


For the Type CLT-la linearity-measuring instrument made by the Radiometer 
company, the impedance-transformation range is 0.01-100. 


The residual nonlinearity (RNL) of the component to be measured is very in- 
portant for evaluating the performance of the component. The RNL index may 
be expressed as follows: 
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RNL = 20-log : (dB), 


(5) 


where U,;¢ denotes the base frequency, Uz¢ denotes the residual third harmonic 
frequency, meaning that voltage which is read on the 30 kHz voltmeter if in- 
stead of the component to be tested we use a perfectly linear component with 
the same impedance. If we know the RNL index, we can calculate the corrected 
THI index of the component tested. 


With the aid of this measuring system we can check for compliance with the 
power law or the irregular nonlinear characteristic of the component mea- 
sured [6]. 


As cen be seen from Fig. 4, the 10 kHz voltage can be checked with the aid 
of the external d.c. voltage (Ugy¢). If we generate the sawtooth voltage 
with an oscilloscope or a signal generator, the lo kHz voltage will change 
linearly according to the horizontal deflection on the scope or on the X-Y 
printer. Let us connect the output of the 30 kHz voltmeter (recorder out- 
put) with the outlet of the vertical deflection of the oscilloscope. 

We will obtain the third harmonic voltage formed in the component tested 

on the screen as a function of the amplitude of the basic frequency Uj¢. 


In this case it is easy to establish the power law that applies for the in- 
dividual layer resistances or thick-layer resistors. 


The measuring setup may, for example, consist of the following units: 
2) 3) 4) 
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Fig. 5S. Block diagram of the measuring system recording the 
amplitude of the third harmonic voltage as a function 
of the amplitude of the incoming signal 

Key: 1 - Type CLT-la linearity tester 

2 - Function generator 
3 - Oscilloscope 
4 - X-Y printer 
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Fig. 6. The function established (Uz¢ = £(U; ¢)) with the 
measuring system illustrated in Fig. 5S. 
a) Frequency of the voltage 10 Hz (left) 
b) Frequency of the voltage 1072 Hz (right) 


Key: 1 - fu eooth = 10 He 


2 = 107? Hz 


~ {Usswtooth 
Type CLT-la linearity tester (Radiometer) 
Type FG 501 function generator (Tektronix) 
Type BM 420 oscilloscope (TESLA) 

Type YEW PRO II X-Y recorder. 


We obtained some interesting results with the measuring system assembled 
as described above. If the sawtooth voltage frequency (Usawtooth) was in 
the order of magnitude of 10 Hz, the configuration of the curve obtained 
resembled the well-known hysteresis loop. At lower frequencies (about 
1072 Hz), this hysteresis-like character of the curve may be disregarded 
(Fig. 6). This finding is correlated to the heat-treatment time of the 
component tested. 


3.2. Measurement of Nonlinearity in Case of Bridge Circuit at Various 
Frequencies 


We use the setup already shown in Fig. 3 for this measurement. Figure 7 shows 
a more detailed block diagram, illustrating also the resistor bridge and the 
terminating (null-indicating) amplifier. With the aid of this system, it is 
possible to couple signals of frequencies between 1 Hz and 33 kHz to the 
bridge, so as to obtain a signal of up to 11 V on the component measured 
(Ry). The resistor bridge consists of four resistors, of which one is the 
component measured (R,). The resistors R; and Rj have the same ohmic rating, 
and they are of the same nonlinearity. The purpose of the variable resistor 
Ry is to permit setting the resistance in Branch A for the resistance R, 
found in Branch B. 


























Fig. 7. Block diagram of the system for measuring nonlinearity 
with bridge circuit, consisting of signal generator, 
selective terminating (null-indicating) amplifier, 
and voltmeter. 

Key: 1 - Signal generator 

2 - Terminating (null-indicating) amplifier 
3 - Voltmeter 


The resistor bridge is supplied from the signal generator with an internal 
impedance of R,. We couple the voltage that forms in both branches of the 
bridge to Channels A and B of the selective, simultaneously controlled am- 
plifiers forming part of the terminating (null-indicating) amplifier. The 
signal of each channel after the amplifiers can be measured separately, or 
the voltage difference may be measured by comparison of the output signals 
of Branches A and B. 


In the case of a balanced bridge, where Rj = R2 and Ry, = Rp» the voltage 
difference is zero for the base-frequency output signal. However, true 
balancing cannot be achieved in actual practice since Rp could only be 
approximately the same as Rx, so that the output signal will show the 
residual voltage U;p. In order to achieve optimum operation of the measuring 
system, we may also calculate the load impedance of the bridge and the in- 
ternal impedance of the signal generator (R,). 


To determine the frequency at which to carry out the measurements, we take 
into consideration the characteristic of the signal generator and the para- 
meters of the amplifiers. At very low frequencies we found that the sensi- 
tivity of the measuring system was lower. We carried out these measurements 
at frequencies between 5 kHz and 335 kHz. 
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Fig. 8. Peak value of the third harmonic voltage appearing 
on the measured resistance (R,) as a function of 


frequency. 
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Fig. 9. Average of the initial THI indexes as a function of 
the square resistance (Rs) of NiCr layers of various 
thicknesses. 

Key: 1 - Square resistance (2/0) 


The actual measurement is carried out as follows.With the signal generator 
we set the desired test frequency Uj¢ and we determine the value of the 
resistance R, by setting Channel B to the desired frequency. We switch this 
voltage to Branch A while we change the value of the resistance Rp- To 
minimize the difference between the voltages of Branches A and B we de- 
termine the voltage difference between the two branches at high gain and 
then set this value by changing Ry in such a manner that the residual volt- 
age becomes Ujp = 0. After having balanced the resistor bridge, we measure 
the odd harmonic frequency voltage signals generated by the a.c. signal 
serving as the base signal. We select those harmonic voltages of which the 
amplitude is maximum to optimize the method. In this manner we achieve that 
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the measurement can be carried out at maximum possible accuracy depending 


on the magnitude of the noise voltage and the value of the residual volt- 
age Uip. 
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Fig. 10. Stability of the measured resistances (4R/R,) as 
a function of the initial THI indexes after 
10, 100, 1,000, and 10,000 hours. 
Key: 1 - OR, change in resistance 
2 - Measured 


The terminating (null-indicating) amplifier has a specific selectivity, 
determined by the quality coefficient (Q) of the circuits. A quality 
coefficient of up to 100 may be achieved with the Type 124 A amplifier. 


Since the magnitude of the signals of the higher-order harmonics is smaller 
than the magnitude of those of the lower-order ones [1], we determine the 
nonlinearity of components by measuring the third harmonic voltage. We 

tune the frequency of the selective amplifier to the third harmonic of 

the output signal of the signal generator to measure the third harmonic 
voltage appearing on the resistance to be measured (R,). We obtain the 
fifth harmonic voltage (Uspg,) similarly. 


Accordingly, the measured value of the third harmonic voltage includes 


the related portion of the residual voltage (U)p) for the determined 
selectivity of the amplifier. 
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According to Fig. 8, the peak value of the third harmonic voltage appear- 
ing on the resistance to be measured (R,) may be expressed as follows: 


where k denotes a coefficient of which the value depends on the quality 
factor Q. For example if Q = 100, k = 0.003 for the third harmonic and 
k = 0.002 for the fifth harmonic. 


These assumptions apply only in that case where the nonlinearity of the 
resistance R,; is the same as the nonlinearity of the resistance R?, and 
the nonlinearity of the variable resistance (Rp) is zero, or where the 
nonlinearity of the measured resistance (R,) is significantly higher 
than the nonlinearity of Rp. 


To permit the comparison of the measurement results of various nonlinear 
components we may use the expression given under (3) for the third harmonic 
index (THI) in dB. We may determine the exponent n from the relationship 
between the third harmonic voltage and U;¢ ((1],[3],[3]). 


The test setup illustratec in Fig. 7 may be used for the measurement of the 
nonlinearity of capacitors except that capacitors must be installed instead 
of resistors in the measuring bridge. 


4. Possible Applications and Some Test Results 


Deviations in electronic components from the linear current/voltage rela- 
tionship may be attributed to defects in the starting materials or defi- 
ciencies in the manufacturing technologies for the components. These are 
all non-deliberate faults. We list below the most frequently encountered 
faults [3]: 


Resistors (carbon layer, metal, or metal-oxide layer): 


Inadequate contact between layer and connection cap; 
Inadequate contact between connectioncap and wire; 
Homogeneity defects in the layer; 

Layer traces left in the trimmed grooves; 

Longitudinal grooves in the ceramic substrate; 
Deviations from the original technology (thick layers) ; 


Capacitors: 


- Inadequate contact between electrode and output; 

- Iron oxide or iron particles in the mica, in the paper, in the 
polystyrene or other plastic foil; 

- Movements caused by electrostatic forces. 
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Solid-state components: 


- Quality problems of the ohmic contacts [4]; 
- Reproducibility problems of the technology ([4],[5]). 


Measurement of nonlinearity may be useful in the case of ferrite-core coils 
also. Of course, various air-core coils are installed in the measuring 
bridge then. Various ferritic materials may be compared [3]. 
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Fig. 11. Sectional view of solid-state components made with 
In and Au contacts in various designs. 
Key: 1 - Semiconductor 
2 - Metal 
3 - Substrate 


We can confirm the practical importance of these measurements from the 
point of view of various considerations and possible applications. For 
cxample, it may be possible to forecast the stability and reliability 
of thin-layer resistors. We measured the nonlinearity and resistance of 
vacuum-evaporated NiCr layers immediately after layer detachment. We 
kept the layers in the laboratory atmosphere and systematically (in 

some cases for a period of 1,000 hours) repeated the above measurements. 
The average of the initial THI indexes as a function of the square re- 
Sistance of NiCr layers of various thicknesses (R,) is illustrated in 
Fig. 9. In Fig. 10, we illustrated the stability of the resistance as 

a function of the initial THI indexes (4R/R,). Here, SR denotes the 
change in the square resistance after 10, 100, 1,000, and 10,000 hours. 
The curves for 10 and 100 hours are practically linear, again exhibiting 
the forecast values of the initial THI index. The curve for 1,000 hours 
deviates from linearity in relatively high THI indexes, but later may 

be regarded as being linear again. 
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Fig. 12. Relationship between the third harmonic voltage and 


the input signal at the test frequency of 5,000 Hz 
Key:. 1 - Pb-Te contact, lf = 5,000 Hz 
2 - 150°C/4 hours) 


Uyg -1V (10k...) 9 


Fig. 13. Relationship between the 
nonlinearity (Uz),) measured by 
the bridge method and the third 
harmonic voltage measured with 
the Type CLT-la linearity tester. 
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Fig. 14. Relationship between the THI index of thick-layer 
resistors and the third harmonic voltage after 
burning-in carried out at properly and improperly 
chosen temperatures. 

Key: 1 - Poor 

2 - Good 


Figures 11 and 12 illustrate applications of nonlinearity measurements in 
other areas. In Fig. 11, the solid-state layers are equipped with three 
different designs of In and Au contacts. We measured the samples under 
low test voltage to restrict the temperature effect on the samples. The 
resistance of the solid-state samples was 650 ohms. Figure 12 illustrates 
the relationship between the third harmonic voltage at the test frequen- 
cies of A, B, and C 5,000 Hz, and the U;¢. This corresponds to PbTe 1a- 
yers with contacts as shown in Fig. 11. If we heat-treat the layer at 
1S0°c for four hours, the nonlinearity of the sample changes according 

to Curve A shown in Fig. 12. 


5S. Conclusions 


From measurements on solid-state layers equipped with various designs of 
contacts, as well as on resistors we may conclude that the method descri- 
bed under b) is suitable for the assessment of the quality of electronic 
components having low ohmic nonlinearity. The method is more accurate 
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than the method involving voltage-noise measurement, and is comparable to 
that achievable with specially designed target instruments. The accuracies 
of the methods described under a) and b) are similar for relatively high 
values of the third harmonic component Uz¢. Figure 13 illustrates the rela- 
tionship of the nonlinearity value (Uz) measured by the bridge method and 
the third harmonic voltage measured with the Type CLT-la linearity tester. 


By determining the nonlinearity characteristics of electronic components 


(resistors or capacitors), we can forecast the quality of the components 
in terms of reliability ([{1],[{2],[4],[5]). 
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1) 1) 
Fig. 1S. Values of the THI index of thin-layer resistors as 
a function of temperature. 
a) After heat treatment at properly chosen temperature 
(Tj) the THI index will decrease, meaning that the 
stability of the thin-layer resistor is satisfactory. 
b) After heat treatment at improperly chosen temperature 
(T2 > Tj) the THI index will decrease, meaning that 


the stability of the thin-layer resistor deteriorated. 
Key: 1 - Temperature 


It can be seen that this method of measurement is also suitable for checking 
the reproducibility of the major steps in the manufacturing technology of 
various types of electronic components. For example, using the test setup 
illustrated in Fig. 5 we can select those units in the manufacture of thick- 
layer resistors which were heat-treated at improperly chosen temperature. 

In the Us¢ = £(U,¢) fuction curve this tehcnological deficiency is indica- 
ted by the location where the lower peak is farther down (Fig. 14). Simi- 
larly, it is possible to determine the most favorable heat-treatment 


53 








temperature for stability of the thin-layer resistor from the THI = f(T) 
diagram. The heat treatment was satisfactory if the value of the THI in- 
dex dropped abruptly (Fig. 15b) after a heat-treatment cycle (Fig. 15a) 
at the given temperature. On the other hand, if the value of the THI in- 
dex increases after the heat treatment, this means that the resistor was 
subjected to unduly high temperature with the result that its stability 
deteriorated. 


This article was translated and edited, with the permission of the author, 
by Istvan Barany, graduate electrical technologist/engineer. 
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APPLICATION OF MICROPROCESSORS IN TEST TECHNOLOGY 


Budapest FINOMMECHANIKA MIKROTECHNIKA in Hungarian Vol 18 No 8 Aug 79 
pp 251-253 


[Article by W. Kienast, professor, Dr of engineering; K. H. Drue, graduate 
engineer; and W. Fredrich, Dr of engineering; Ilmenau Engineering College, 
Faculty of Electrical Engineering, Department of Information Theory, Sec- 
tion of Design and Technology of Functional Electronic Units, GDR] 


[Text] As the complexity of electronic circuits increases, the need arises 
for automated test equipment. Automatically operating and computer-guided 
equipment is used for this purpose. The computer-guided measuring station 
discussed herein operates according to the principle illustrated in Fig. 1. 
The use of a measuring station equipped with data-processor was found to 

be desirable in practice only if a very large background memory was invoived. 
With microprocessor-based setups it becomes possible to develop fully auto- 
mated measuring stations of a non-central character, which can be quickly 
converted to the performance of a wide variety of tasks. 


For developing measuring stations we need a system which is made up of mea- 
suring instruments; signal, voltage, and current supplies; load simulators; 
switching matrixes; and computer-control facilities. Members of the ESDM31 
measuring-instrument family, made by Radio Works State Enterprise, Erfurt, are 
suitable for this purpose. 


Each member of the measuring-instrument family may be controlled with the 
aid of the signals reaching the interface (Standard No. 1 and No. 2) as 
shown in Fig. 1. 


Figure 2 illustrates the basic configuration of a microprocessor-based 
measuring station. 







































































1. Principle of a computer-controlled measuring station 
1 - Devices for data entry and display 
2 - Control computer with data file 
3 - Signals providing information for Interface 1 
4 - Control signals for Interface 2 
5S - Measuring instruments 
6 - Switching matrix 

7 - Power supply, signal sources, load simulator 
8 - Adapter 

9 - Device to be tested 


The microprocessor is capable of controlling the entire measuring process. 
With the aid of the control switch it selects and exposes the test points, 
appropriately adjusts the measuring range of the instruments, controls the 
switching matrix which connects the circuit being tested to the proper load, 
signal, voltage, and current course, and determines the sequence of the 
above sources while the individual functions are executed. After completion 
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of the meusurement, the result may be compared with a reference value, and 
the result of the comparison may be stored in the memory. 
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Fig. 2. Configuration of the measuring station 
Key: 1 - Control switch 

- Digital voltmeter 

- Input gates 

- ZE 1 microprocessor 

- Control logic 

- Output gates 

Keyboard 

- Display 

- BCD decoder for the seven-segment display 
- Two-character 

- Seven-segment display 
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Automatic measuring stations of this kind were available even before the 
emergence of microcomputers. These automatic measuring systems indicated 
after completion of the last measurement if any of the tests gave negative 
result, and indicated the individual measurement which gave such result. 
The appearance of the microcomputer offered additional result-displaying 
capabilities. As a result, the evaluation results representing the result 
vector below can be further processed. 


The purpose of the further processing of the result vector is to localize 
precisely the defect site, meaning that the system should display the 
component(s) with defects in the circuit being examined. 
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Because of the limited memory cip city of the microcomputers (Table 1) and 
the brief measurement time, we cannot use computerized circuit simlation 
or analysis. Such circuit analysis is more needed for the manufacture of 
the device involved. We must determine the relationship between the defects 
and the uncertainties of the measured values. The error table obtained in 
this manner (Table 2) is stored by the computer. The data identifying the 
tested device is preferably stored in the RAM field of the microcomputer. 
This would offer us the possibility for switching quickly from one device 
to be tested to another by reading-in of a data carrier (perforated tape, 
magnetic cassette). 


Table 1. Operating parameters and configuration of the ZE 1 
central processor 


Organization of processing: 1 byte (8-byte), parallel 
Word length: In case if 1 byte data 
In case of 1,2,3 byte command 
Command complement: 48 
Addressing: Absolute, indirect, indexed 
Number of registers: 1 accumulator register 
6 data registers, each with 8 bits 
8 address registers, each with 14 bits 
Basic cycle: 2.25 sec 410% 
Execution time: 13.5-49.5 sec +10% 
Memory type: ROM and RAM made by means of MOS LSI technology 
Memory capacity: ROM: 4 kbyte 
RAM: 1 kbyte 


During the first phase of the development, the Ilmenau Engineering College 
assembled the experimental version of an automated measuring station, using 
the Type ZE 1 microprocessor. The ZE 1 microprocessor is based on the Type 
U808 microprocessor manufactured in the GDR. 


Ihe control switch, the digital voltmeter, and the logic unit (which pro- 
cesses and generates the control signals) is also part of the experimental 
configuration. 


In this first phase of development the microprocessor functions as a peri- 
pheral unit of the measuring instruments, and performs only the evaluation 
of the measured results, and then displays the result vector. The process 

is controlled by a clock generator (in the control switch). The frequency 

of the clock signal depends on the measuring speed of the digital coltmeter. 
In the first version we did not use microprocessor-controlled range changing. 
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Table 2. Error table (example) 


Serial numbcr Combination of the measured value 


of the error Hibetébldsat — példa 
A hibe sorez4ma A meért ériékek kombinecdje 
1 2 3 @4 &6 6 7 8 
1. © 108 © bt 3 
2. 1 oteoe%oe#sese. @* 

2. ® © 6 8@ 60 0 6 6 

4. 1 ©0@ | 0©0@9 8 80 -=- @ 

5. 0 bt i= © FH F 8 YF 

6 0 - = § £ bt = «= 

7. oO - O09 bt = FL = @ 

8. - | - © 8.8 = 3 

8. 0 - @©@ t — b= «= 

10. i - | O09 =—=- O©0@ m= ‘= 

1. ---+%t4t-e2%3 =+-@ 

12. - bt =— =— © & -— « 

13. --2©- = = § = 3 

ié. - =- =— = =— OO = J 

16. i - tl -— — — = = 

16. Gc - 0 = = = -— «= 

17. - --+%4~+-+8@-. - 

18. - @ =- +-+@ += = 

19. --2*-- = = = @ 

20. e--2- + @ = = 

Zz. -_ = =— = =— Fb -— « 

Jelmagyardzat- . 

0 — mért ériék = névieges érisk 
| — mért érték < néviegee ériék 


Symbols: 
0 - Measured value > nominal value. 
1 - Measured value < nominal value. 
- «- The error does not affect the measured value. 


The computer operates in the stop-start mode; the interrupt signals needed 
for the start are generated by the signals coming from the measuring in- 
struments. After start of the measurement the computer evaluates the col- 
lected data by comparing them with the stored values (Fig. 3). The data are 
displayed by the digital voltmeter in the six-character form, using the BCD 
code. The evaluation may have three different results: 


- The measured value < reference value 


- The measured value fluctuates within the tolerance limits 
- The measured value > reference value. 
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Fig. 2. Flow chart of the program 
Key: 1 - Started by the digital voltmeter 
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Measured value entry 
Evaluation 

Storing the result 
Last measured value 
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8 - All values are within the tolerance limit 

9 - Output 

10 - Comparison with the lines of the error table 
ll - Storage of any crrors 

12 - Display of an crror 

13 ~ All errors 


Of course, if we refine the above criteria the quality of the diagnostics 
would improve. However, this would require larger memory capacity and longer 
evaluation time. This is why we selected the above rough evaluation method. 
We code and store the result of the evaluation. Every result requires two 
bits for storage. After completion of the last measurement we examine whe- 
ther all measured results are within the tolerance limit. There is no 
need for diagnostic examination if they all are (in special cases the 
performance of the device must still be examined). 


The display of the result vector now begins. This can be accomplished in 
various ways. The method employed in the course of the experiment was based 
on the fact that the results are stored and it is established whether there 
are results which are outside the tolerance limits in the result vector. 
The apparatus displays the error if there is a deviation in all measured 
values defining the fault involved. The display unit is a two-character, 
seven-segment device. We designed the first version of the automated mea- 
suring station for the evaluation of 32 measured results, with 64 possible 
errors. In the error table, the faults causing the maximum measured value 
change are assigned the lowest error number. In the course of the display, 
the lower-numbered errors appear first, meaning that if there are several 
faults the most likely is displayed first. 


We require a memory capacity of approximately 400 bytes for the program, one 
of 512 bytes for the error table, and one of 192 bytes for the storage of 
the reference values. The computer evaluates a measured result in approxi- 
mately 3 msec. The final evaluation and diagnostics require approximately 
0.3 sec. Thus, the operating speed of the measuring station is primarily 
determined by the speed of the digital voltmeter. We examined a three-stage 
low-frequency amplifier with the above test setup. The equipment was found 
to be effective in the examination. 


The following difficulties were encountered: First we were able to measure 
only d.c. current and there were many faults. If multiple faults are en- 
countered, the error table may become faulty so that not every fault is 
displayed or—in the worst case—no fault is displayed at all. It is also 
possible that non-existing faults are displayed since a fault may be in the 
error table which was caused by another fault. 
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Summary 


We described the basic configuration and applications of a microprocessor- 
based automatic measuring station made with the U808 microprocessor. 


The manuscript was translated and edited, with the permission of the au- 
thors, by Rita Magor, graduate electrical engineer. 
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